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1 .  Introcluction

~’llis Ijapcr ]movidm  an overview of the arcliittccturc of tlm Galileo slJacc-
craft. ‘1’lN mission ovmvicw is provided ill ()’Neil (1997), and early u.xults of
tliis truly historic Inissio]l  arc givcll  ill ]mlmrs  tllrougllout, t,liis volulnc. ‘1’llc
Galiko S~Jacccraft  was comprisd  of a Jul)itcr  Atlnos~)hcric  Mltry I’rolm  and
a  Ju])itcr  orbitm.  ‘1’hc Inissioll  w a s  crcatcd to l[mkc tlm first CVCY iwsitu
Incasmcmcnts  of tl]c at]]los~)llcrc  of Ju])itcr I)dow tllc vcilillg cloud l aye r s
t]lat prevent  measuri]lg  the colmtitucnts mnotcly, slid to lllakc lollg-tcnn
olmrvatiolls  in tllc Jul)itcr systmll, illcluditlg ]mrt,icular]y  C1OSC  m]coulltcrs
wit,ll t h e  Galilcan satdlit,cs. ‘1’he  l)rolm would  lN ddivmd (o Jul)itcr by
tllc first Ju~)it,cr Orl.)iter.  1’llc Orl}itm would n:lcasc tllc l’rol)c o]i a l)allis-
tic trajectory to its entry corridor al mut five I [mlths lmforc  arrival. ‘1’hc
five-month solo flight time was dictated l)y l’rolw l)attcry qmity and
cllt!ry Cc)ntl’ol accuracy vs. l)rolwllallt,  rcquiml for tllc or] )itcr  deflect ion.
‘1’hc  Orljitcr was to target, tlic l’rolm with all itumracy  of 4.1.6° slid + 4.5°
in entry flight, ~)atll allglc and allglc of attack, ms]mtivcly. ([ J1timatdy,
tlicsc s]wificat)iom  bccalnc 1.4° atld 7.0 °.) ‘J’l Ic orl)itcr would ]mxiscly ad-
j u s t  t h e  Sl)acecraft,  trajcdory ad tllcll rcoricllt tllc sl)ill  ax i s  ~)arallcl  t o
wha t  would be the atl]losl)llcrc-r(}lativc:  retry vclocit,y  vcdor  at, .Jul)itcr ad
s])inu~) to 1(1 rl)ln ])rim to rdcasc. ‘1’bus, tllc 1 ‘rolw  would lm sl)ill-stal)ilizd
for its flight, to Jul)itcr  to colltml t]ic clltry allg;lc of attack. ‘I1llc I’rolw itself
would require Im attitude 01 flight ~mtll co~)(rol  systcl]l. ‘J’licrc would IJC  110

col[ll~~llllicat,ioll litlk  witl~ tllc l’rolw after  rclmsc until  tllc atl[ml]lmic dc-
sumt. ‘1’llc  orl)itcr would deflect itself several days after rclcasc to target
t o  tllc rcquird I’rc)l)c  ovcrlligllt and it~itial  col~dit,io~ls for its Ju~)itcr Orl)il,
Illscrtion  (.JOI) maneuve r .  Foliowillg  mltry aILd 011 tllc I[lair[ ]mracllut,c,  tlw
l’rol)c would transnlitf its (Iata at, Ij-l)alld over a 56 circular l)canlwidtll for
lmuinally  60 minutes.  l’hc Orl)itlcr  would rcccivc tlw ]’rol)c  siglml  throug]t
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a dcxlicatcd 1.1 In antmna and ddicatcd  rcccivc~s.  ‘1’llc 1 ‘robe ‘trday’) data
would bc intcrleavd  with Orl}itm data ald t ransl[lit td to Eart 11 in rcal-
ti]nc o v e r  the Orbiter 4.8-1I1 IIigh-Gai]l  At~tcIII)a  (IIGA) at X-l)alld. ‘1’lIc
Orbitcr would be the first dual-s])il]  ]Jlamtary  s~mcccraft.  A s])ill f unc t i on
was required for Pmbc ddivcry  and for tllc orl)itcr fields ad ])articlcs ol~-
scrvations. A thrm-axis, s table ldatform was rcquird  for orbiter rcmok
scmsi~lg. g’llc dual-spill Galileo dcsigll  l)rovidd sulml) and elegant su~)])ort
for all these functions.

2. The Probe

(lomprehcnsivc  clismssioll of the ]’rolm  dcsigll  is availal)lc ill Vojvodidl  d
al. (1983)  and Givmls  CL al. (1983). As SCCII it~ F’i[:(lrc  1, tllc 1 ‘rol)c cc)llsistccl

of a dcsccntl  Inodulc cnca]mlatcd ill a lmat shield. Jupitlcr entry sped is

PROBE

Dm#erdcm  Mcdde Ah Cow

Fi.quw  1. Galileo I’ml)r

I)y far tllc lligllmt planetary clltry slmcd  itl tllc solar systcnn.  ‘1’llc final de-
sign  rcquirclnmlt, was for 47.8 kln/scc and 350 g; ’s. ‘J’llc 1’M1)c was desigllcd
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mid  buil t  by  IIuglm SIELCC ald (;cJ1lllllllllicatiC)lls  Colil])ality ulldcr cmltjract
to NASA’s Ames Rcscatxl Center. ‘1’hc  c]kry systc]n was I)uilt l)y General
l’;lcctIic  llIl(lcl’ coIltl’act  to Ilughcs. Gas tcln~wraturcs  itlfrol]t of tllel’rol)c
wo~ll(l rc:ac1125,000° 1’. l’llcllcat sllic~l(l (lc:sigllis  ill~lstratc{lilll  ~ig~lrc2. Al)-
lation detectors were built ildo the fcmlmdy  at kcy ~mints.  Figure 3 slmws
that al)laticm mar tllc llosc  w a s  considcrahly  10+s tl)au cxlmctd} wlmwas
very littlcprotcctiou  was left along tllc conical scctioll. It iscstilnatd that
82 kg of  the 152 kg lwat sllicld w a s  al)latcd. l’rdm tjclll]wraturc control
during  the intcnq)lanctary ])hasc  w a s  ]mwidcd  by Mankdillg as shown  ill
I“igurc4,  l-W1<a[Iio-isc)  tol)c II[!atcr  Units (I{ II IJs),  and orl)itcrlmat.

l l m m
PHENOLIC

+

10 mm

36 mm

52 mm PHENOLIC

Note in Figure 1 that tllc l)ccclcratioll Module aft, cover co~ltaillcd  a
[11’og~lc~)araclllltc  and mortar tlmt ])ullcd  tllc aft cover Ofl:uld dq)loyd tllc

r. ‘1’licsc cvcl]ts  occurrwl  in a ll]attcr]nain parachute as illustrated i~l Figure o
of sccollds, as illdicatccl itl Figure 6, coxlcludillg  witl L tjllc rclcasc of tl]c heat
shield. ‘l’lie l’robe ollljoard co]nl)utcr scqumlccd tllcsc cvclitls. IIlitiatioll was
l)asccl 011 signals froltl “cl~la(l’’-rccl~lllclallt ac(:[!lcrcJ1[l[:tcrs. Om: accclcromctcr
])rovidcd  low se t  atd r e s e t  signals; aldhcr  ]movidcd  IIigll s e t  and rcsd
s i g n a l s .  OIIly  OIIC of tllc four sigylals  was rcquirt:d to iliitiatc tllc clcl)loy
scqucncc, albeit sul)oi)tilllally. Nolllillally tllc t,illlillg  of all four sigtlals was
used i~l tllcsc[lllcllcc logictc)(lc~)lo.y”  tll[:]):ll:~cllllt(:  at tllclml tilllclmscd 011
t]]c’’semd” atlllc)s])llcric  (lcllsity illll)li{:cl  l)ytll(! t,illlillg  oftllcaccclcrol lletcr
low/lligll set/resets. A])lmrcntly duc tc)closs-w~ilil]gc)f  tllc :~cccl[:rc)lll[:tcrs,
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I+lgum 3.  GalilcO l)rol)c  heat sl(icld alhtim,

the dc])loymcnt was 53 seconds latq wliicll  msllllcd ill 10 S S  of the lliglmt
altitfudc (0.1 to 0.3 lmr) lllc:asllle]tl(:llts  I)ut  had IN) otllcl adverse cflccts. ‘1’llc
dccclcraticnl lwofilc  ]ncasurml 1 y tllc Atrilosljl  Ieric Structure IIlvcstigat ioxl
accclmmmtms i s  slmwll  in Figuw 7  witlll tllc dq)loylncntf  ticccl[:rolllct)(:rs
set,/msct, Imi]lts  il]dicatcd.

‘J’IIC l’mbc l)cscmlt Module carried scvml scimlt  ific illstrul]lcllts, as illus-
trated ill Figure 8: the Neutral Mass S]J(~ctIOIllctt:l, Nc]hclmnctcr  (cloud
lmrticlc ]I](:asllrc:][]cllts),  Net l~lux l{adiollmtcr, a]ld  Atllmlhric Strmcturw
l]]stru]nc]]t  fmln tllc lJllitcd States, ald tllc l,iglltr]illg and liadio I’hnissio!ls
l)ctccto~, Ihmgdic I ‘article IIwtrwlmlt, ald IIcliulll Al)ulldancc l)ctmtol
fmm Gemlally.  All  tlLc i]wtrulncllts ~)mvidwl  cxccllmlt dat:i.

‘1’hc  l)ackagirlg  of tlw itlstrulrm~lts  a]id  cllginccri]lg sul)systmm w i t h i n
the l)csccnt  Module is S11OWII  ill Figuw 9. E]cctrical ]mwcr  was lnmiclcd
ly litlliullI sulfur dic)xidc (ljiS02) lmttcrics that were not mcllargcal)lc O1lCC
Illatlufactud;  i . e . ,  t,lm Orl~itcr  Collld lwt Iccllaqy tllc l’mlw batjtmics.
1’OWCX for l’rolm all(l  i~]stlulrlc]lts  c h e c k o u t s  itlfligllt was sul)l)licd  by tllc
C)rbit,m.  l’llc l’ml)c Irlaill  I)atltcrics  l)owcd  tllc coast tilllcr and entry g-
switchcs fmlr] just lmfmc mlmsc. ~’ltc coast tfilnm was set via orl)itm coln-
lnand to time out six hours  I)cfolc  CIItJr’y.  ‘1’his illitiatccl turll-oll of mitlimutll
]’I’o1)c  equi~)lllcnt  and ],]{1)/~]’]  :LIld  AS1 to ~K:l’for’in ~jl’c-clltr’y  and Clltry
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scicllcc bcgillnillg tllrcc hours  out. lt, is cllLl)hasiml tlmtj tlic ti[ner IHLd lmtll-
in,q to do with initiating the dc])loy][lclltf  and dcsmlt scqucllccs. ‘1’lIc main
batteries ])owcd  all fullctio]ls cxcc~)t tllc ]ym {lcviccs for staging following
cllt~y;  t hese  wcm  powcd  lY d(!clicatc~l  tfll~llllal  ~)att~li~s.

As illustrated in Figus’c 10, tllc l’mlm was dual sts’i~lg ill data ad coln-
lnall(l lmldlillg, including t w o  sc~)aratc  I{F sig]lals  t o  tllc orljitcr Rday
l{ecciving Antenna  tilt’ougll to two orl)it,(:r-lll[)lllltc(l  I’1oI)c  I{cmivcrs.  Al-
tllougll Ilot  clltimly ]Cdulldallt, tjllc ll]ost  illllwrtjal[t,  data wcm  availal)lc
on citlm string. If one string  was  fould to lw f au l t ed  dus’illg an illfliglltj
dmkout,  it was l)ossiMc  to disal)lc that, string  via orl)itc) colnltland I)cfom
dcasc.  T] m l’mbc also had a %lf-test” to disable a clcally faulted string
at entry. No such contingmlcics occurred; cvclytllillg was ilorlnal. l’rol)c
and ilmtrummt scqucllcillg w a s  a l m o s t  cld)idy ill ‘~firltlwam”  IIy dcsigll,
tllcrc was Very litt,lc l)m-1’clcasc Colllllml[li]lg  l)ossi})lc.

At 57.6 minutes after start of tl:lllslllissic)li,  the l’rolm signal was lost.
TIIC clld of the l’robe mission was caused l)y ov{rl]catitlg of tllc I’ml)c tralls-
Init,t,cm. Indeed all l)ml)c Cqui])lncntl cxcccdcd qualification lilllits l~car tllc
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m)d of mission, as illdicatcxl  ill I~igum 11. ‘J’lw I)csmlt Module was vcmtd
towad the lcar, and tclnlmraturc!s wmc  IIigll[!st  tlmc. ‘1’lm cavity tracked
t,lm mtsidc tcm~pcxa{urc  much fash tllall t h e  dcsifyl  itlt{!ldcd. I’crha])s
a  troll thmnal  lllankct allowd t,llc atll]osl)llcrc to mitm’ tlm cavit,.y  I]lom
la])idly. ~’hc tcl(!m[!tlcd  I]lC)lK!  tr:\tlslllitjtJc:l’s’  IIowcr outf)ut  i s  shown  ill
l’igurc 1 2 .  It, is  Sccll tflat, “lhllslilittjcr 11 faik!d almut tell l!lillutcs l)cfcm
‘J’rallslnitter A.

At  l o s s  of signal, tllc l’rol)c was at 23 lml IWCSSUN:  dq)tll  m o r e  tlmn
t,wicc t,]lc mission Kxluimlllc!llt  c)f ]f) lEWS.  A t  1() lELM t 11{!  Cqui])lncllt, tcnl-
]matums wmw close to tllc qualificat,ioll lilllit, of 500 C. l’mmlltly ongoing
lccalibration of sl)arc instrulllcllts  ill tllc ~)lillci~ml illvc!stigators’  lal)s  for tlie
dcvatml  tcmpcratums  ])~olniscs  to lmovidc  good  da ta  fbl tllc very  dcqmt
lncasumlLcl}ts. licgadlcss  of tllc mcaliI)ratioll, tllc Galil(!o  I’ml)c Mission

was a tmncndous success,  ])rovidillg  cxccllmlt data fm]l all illstrummlts
WC1l lmyolld  tl]c 1 0  l)ar mluimllc]lt,. F’igum 1 3  dc~)ic~s  tllc crltry and dc-
Sccllt, c!v(!nt!s.
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~olor Figures ()’Neil-14 ald O’Neil-15, shows the l)csccult  Module bc!itlg
]mc])ad for cllcal)sulatioll a t  Kcl]mxly  S1mcc (hltcr and tllc colll])lct,c
l)ccclcratioll  Module i]~ flight, mlfiguratioll.

3. The Orbiter

‘1’lic  G a l i l e o  Orl)itcr is the first ald only  dual-sl)ilI ]Jlallctary sl)acecraftl.
I t  is  the m o s t  solhisticatcd ald ca]dlc ]Jal]chry s~)acccmft  (!vm  flown.
COICW Figure 0 -Ne i l - l  6 S]IOWS  tl(c Orl)itm during all catly assmd)ly  ill tllc
JI’1,  S~)acccmft  Asscml)]y  Facility (SAF).  ‘1’hc  cxtmk of th[! Maglmtomctm
1100111 can be aIqmciatd  i~l tl~is view. Also, color  Figu[’c () ’Neil-l 7 shows
the com]ktcd  Orbiter ill the KS~ Vertical l’roccssillg Facility (V1’F)  l)cillg
lift,cd for ]rlatillg to the U~)l)cr  Stjagc.

Figure 18 illustrates tllc s])ull ad dc-sl)ul)  scc!iolw.  ‘J’])(!  l~ottolll  scctioll
(gray) is  dc-s]Ju*I. ~’hc Spin IIwwillg  AsscldJy  (SIIA)  011 t h e  ccdmlitm
Imovidcs  tllc dual-sl)ill fullctioll. Mcchic Inotors i]) tllc SIIA  drive tllc lowm
section at tllc same rate as tlllc u])~m  sccticm  is sl~illllillg,  l)utl ill tllc o])]msitc
dimctioll. ~’llc result  is that tlic lowm  sectjioll Iclnail]s 3-axis  stal)lc w h i l e
t,]m upper sectim sI)im, tyl)ically at 3.15 qml. Ill “cmisc lHOCIC,”  the AA(%
lISCS  Ol)tiCal  CllCOdCIS bCtWCC1l  tltc S[!CtiO1ls  to ddmllillc: the lllotor Cullcllt
to I[laintain tllc constant  ro l l  a t t i t ude  of tllc de-sl)ull  scctliml.  111 tlm high
])oillt)ing accuracy “imutial l[mdc,” a ]mil of two-axis gyms at, liglk allglcs on
t,hc stall ])latfom  arc usd by AA(X to mmtml tllc SIIA ad tllc or thogonal
])latforla clcvatioll axis  cmtmller to ldd tlm ]Jatforln  itmtially fixed  ad
allow  IIK! rest C)f tlK! s~)accc,raft,  t o “woI)1)1o”  with rcsl)(!ct, to tllc ~)lat,forlll as
dynamic  distludmms  occur. l’oi]]t-to-~)c)illtf  slcwillg is accolnl)lislld w i t h
IIigl] accuracy ill tl~is lnodc. ‘J’llis  is  ~):Lrticillarly i]tl~mrtal]t  for mosaicin~
ald for providing  the! sccom]  s])atial dimmsiml  “])Ilsll-l)roC)IIl” s tyle for tllc
Near-lllframcl Map})illg  S~)cctmlnctcr (NIMS).

“1’hc SBA  uses rotary t  ransforlums for comlnaml  ald da ta  across the
s])inlling i]ltc]facc, S l i p  Iilqy ad hwlms m: USC(I fbr power ad sta-
tus/fault  signals for the Gmmad ald l)ata Sul)systcnl (cm). T1v2 C D S
has  mdulcs 011 lmth scctiom.

All  ‘(all-spin” mode was mquitd for a fcw fu]lctimls suc]i  as I’IOIW  I{c-
lcasc a~ld 400 N  main cllgillc I)urlis.  II] aI1-slJil], tl]c  AA<;S Inaintairls tllc
lowm  SCCtiOll sl)illllillg at t]lc! salllc r:Ltc as t]lc llI)I)c1  ~y liluitillg tile lClatiVC
clisplacm  mmt  of the scctliom  as scm via tlm mlcodcrs. A1l-sl)iIl  is maintaimd
l)y an ac t ive  col~trol  100]);  tlmc is 110 locki]lg  ]Ilccliallislll  bct,wmu~  tllc scc-
tiom.

The  dual-sl)ill attitude cxmtml  of Galik!o  has lmu suIml), as ])articu-
]arly cvidmd by visildc and itlfrad images ad the Probe ddivmy and
da ta  lckum. The l’rolm ltday l{cccivilJ.g a]dc]]l]a  was mout~td 011 the dc-
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Figure  18. Spuu  aud dcslIuII scctiou  of Galileo SI)ZLCCCI aft.

SImII  scdicm with an elevation axis that was stqqwd  four tilms to %ack”
tlic I’mlm ill co~]c (dcvatioll)  an~lc wllilc clock  (axilnlltli) allglc was  AA~S
ccmtmlkxl ill itmtial mo(lc.  ‘1’wo suuwssivc AA(; S colltillgcllcy Imdcs w e r e
~m)gml~mcd to a u t o n o m o u s l y  t,akc mm to ]Ilaintaitl axilmth ]millti~~g iu
111(!  event of a gyro failuyc! dulitlg  day, l)ut 110 failure occum!d.

1“10)11 early 1 W]  to la te  1993,  Ilillc  uljllm:ssal.y slm:cclaft safiligs  oc-
cumxl duc tc) a colnl)itlatioll of SIIA l)rusll dcl~ris 10W-1CVC1 (i loo” Itla)  snorts
aml blmll lIounce that mlollcous]y illdicat)cd  a (;1)S fault. This has not c)c-
cumccl  silm 1993, al)~)amltly bccallsc of fortllit ous  ‘(wear-ill.’)

‘]’hc  A A~S uscs a star SC:LIIIIC!I’  for dcstial Icfcmlcc. ‘1’yl)ically, t Ill”cc!
stms mc loaded ill tllc star Inal),  I)ut  as fcw as two or as lllally as six can h
usd. ‘I’ll{! clcwatioll  ad tililiug of star sightings arc ud to derive s~)acccraft
a t t i t u d e .  Whm stars am avi~ilal)lc in imwtial I]lodc,  tllo  dcstially  dmivd
attitude! is ~mriodically  usd to u~datc tlllc gyms.

Figure 19 shows the illstmlmks ald otlm salicllt cqui~)lllcllt  oil tllc
Orl)itcl. Note. that the I’rolIc  was camid ill tlm idly of tlw orl)itcr aml that
tllc stall ])latlform  and day autmlla am lllou[ltcxl  oll o])]msit,c s ides  of tllc
dc-sl)ull scxtiml. Al)ovc  tllc dc-s~)uli illt,clfacc, ~llovillg u]~ward,  is tllc l{ockct
Pro])  ulsioll Module (l{ I’M), t,llc clcctmllics l)US with Imolmi  attacllcd, all{l
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the 1 IG A. The RI ‘M was ]wovidd  fm of dmgc to NASA Ijy tllc Fdmal
lic])uldic of Gcmany as tlhc most lllajor colkritJu{fioll  of tlllcir l)artmrshiI)  ill
l’mjcct Gdilco. It was dcsiglml and I)uilt, ly Mcss(:tscllltlitt-llblkc)w II101IID
(lmw I)ASA) umlm contract  to the Gwman SIm.c Agc]icy  (I)ARA).  It is
a l)i-~)lo])cllallt  (MMII and NTO)  lmssurc-fd, hy]mgdic  system wi th  s ix
10 N thlustcm in a cluster at the cd of cacli  of the short s y m m e t r i c a l
lmoms. ‘1’wo  separate ]duml)ing Imaldm cxclusiw!ly  fd thmc thmstms ill
cacl[  clostm. Nithm lma]dl wit])  its six tjllrustus can lmvidc all mquid
at t it udc cent [01 torques am]  lmqmlsivc delta-V ill t] w Cvmltl of a ]mblcm
witfl the other  branch. (3HC  ]Jlalldl  is l)cttjcl for imquc and the otlm bcttm
fm latcwal  delta-V, ald this IIas lmcl) tlllc Ildc tllrougllout, tllc flight, sillcc
no ~)roblclm  dictatd ot,llerwisc.  ljaltdatm (1 997) :LII[l  Kill  il]gm (1 997) g i v e
furtllm details. ‘1’llc  kcy cxcc])tiol~ to tllc almc is that,  a 400 N cllgillc o]I
tllc cclltmlitw was absolutcl y mquid to l)crfcmlll  tllc J 01; it was also used
for t h e  Orl)itcr Dcflcctioll Mamuvm  folbwing I’MJIK! Rdcasc aml for the
I’mijovc l{aisc Mammvm a t  tl~c first, almjovc sillcc tllc Iligllm  IsI) of  tl(c
4 0 0  N  cngim saved  collsid[!ral)lc  lm~dlal~t.  ‘1’11[:  1{1’M ]mrfhmamc h a s
lmml cxdlmlt throughout,  tllc Illissioll. IIldicatiolls of l)otclltial ])ml)lcms
with the ])mssurizatioll  cllcck  v a l v e s  mquiml  sl)ccial systc!lu tcll~lwratum
and ]wcssum  mallagemc~lt to  lnillimizc risk of  ])m]mllallt lt~il~glillg ill tllc
~)mssurizatiol~  lillcs.  Figure 20 slmws  tllc 1{1’M at, MI II\ (I) ASA);  llotC tllC
tflrustm oliclltatimls 011 the clustm atld Lll[! 400 N I1OXZIC 011 t]lc  mltmlilw.

lmlmdiatcly above tlw 1{1’M  is tllw dcctmiics l)US llc)usillg lmst of the
cngillccl.illg  subsystmas,  including tl~c (;1)S,  AA(~S, tllc ta])c mcc)dcr, radio
cqui~mmlt,l  etc. (l’arts of tllc ~l)S ad AACX all(l  tlm day radio cquipmcmt
are ill the cIcs1)u1l dcdrol)ics  I)ox o~)])osit,c  tll[! scatl ~)latforln.)  Attacld t o
tllc dcctmlics bus arc tllc two IU’G 1)00111s  ad tllc scimlcc  lmoltl with its
cxtmsion, t,llc I1lagtlcltlc)I~lctf:l  Imolll.  ‘1’llc two l{il(lioiSc)tC)l)C: ‘1’llcllllc)clcctric
Gcmmtors  (ItTGs) ill colal)illatioll Imsmltly outl)ut  almutj  480 W ;  tlmt
llomillaIly Icavcs  al)out,  40 W of ])owm ]aargill, which  is l)adwi]o  sllulltcd
to tllc lmop[!llant  tank l~catms.  ‘I1lIC til)  of tlic l~[ag~Ictc)lllctcl I)OOIH  is 11.0111
from tllc cmtmlim:, Iwoviding  cxccllcllt scllsi[lg  l)ositioll for tll(! outrlmad
M A G  sensor. All thmc Immls mus t  l)c Imquly  dq)loycd  fbr s~)acmaft
l)alatlcc; otllmwisc a stal)lc sl)ill  w o u l d  Ilot, I)c ]msil)lc.  lti fact, tlm R’J’G
1300]1)s arc occasionally mtatfcd amllld their IIillgc ])oillts  with lillcat Imolu
actuators to dynamically ml)alamc tllc sl)acccmft,  as lllass is cxlm)ldd;  i.e.,
1 ‘l”ObC Ilcl(!asc  and ] )lO])[!llillltJ cxl)cl~dit,urc. ‘1’llis kcc]xi tllc (sl)ill)  ])rillcipal
]Ilolncntr of inmtia. axis aligtlc{l  with tllc ccllt(:rlillc, efl<!ctivc]y  clilniuatillg,
sjmcccraft  wol)l)lc.

‘1’hc Orl)itcl ca~rics  dcvcll scicllcc i]lstm~ucllts. S i x  f i e l d s  and ])altji-
CICS ilwLrulllc!llts  am laolllltwl ol~ tllc sI)i[iliiIig  side: Maglmtolnctm (MAC;),
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I’lasllla Wave (1’WS),  I’laslrla (1’1,S), Ilcavy-]oll ~;oulltcr (111[;), Fhmgctic
l ’a r t i c l e  IMcctor (1+11’1)),  atld I)ust  1 )ctc!ct,or  (1)1 )S). 1)1)S and lmlf of tfllc
1’;1’1)  wcm  ~wovidcd l)y GcIItla~~y (l JAI{ A). NO(C  tflat tflmc of tllc six am
moullt)cd  011 the scic!lm lmoill, wllicli  also carries tlm 0.67 m canister fmm
wllic}l tlm IIlagnctomctler I)oolll  (lc])loyd. Four  lc]]lotc sclwillg  ir)strulnellt,s-
tllc Solid State Ilnagillg (SS1), tlm N[:al-l]lf]itld Ma]j])illg  S1)cctmmctcl
(NJMS), tl]c l’llc,tc,],ol:~ri,,l(:tcr  l{adimmt(!r  ( l ’ l ’ I i ) ,  a,ld lJltraviolet SImc-
tmmdcr (UVS)-am  mouiltcd m the SH1 ]datfonll.  A fifth muotc SCHSOI’,
the I~xtmtm Ultraviolc!t  S~mctmlmtcl, is moutlkd m tlm s])illnillg  side and
usd it] a s])in stall mode,

Almvc  tllc clcctml~ics ljus i s  tlw IIGA,  w])icll did not dcl)loy  for ma-
SOIH discussd  ill 0’Neil (1991 ). All col]llllunicat imls am via tllc Imv-GaiIl
(Imml-lmanl)  S-l)atld  alltcllna at tll(! to]] of  tllc IIGA ll~ast.

‘~’]l(? s~)aCCClaft  lllaSS  SUI1lHIW’Y  k ~iv(!ll  ilI  ‘]’a~)l(?  ] .  ]’I’Ol)(!]hiI)t  Uti]iZatk)l  I

is SIIOW1l  in ‘1’al)]c 2 (ltmi~l]y ])mvidcd I)y 1,. A. 1)’All~ario).
l’igurc 21 is a si~lll)lificd  I)lock diag[alii of t II(! orl)itcr takcll fmln I,all-

dallc~ aIId Joins (1 983). All mccivc and trallslllit S-lmIld  via tllc l, GA, whic]l
l~as rc!])lacd  the “SXA”  (S-X Ilald A1ltc~llla) (also known as IIGA), as tllc
]miltmry  alltcmm. ‘1’llc  orl)itcl muics only  S-lmlid  mcciw!m.  ‘1’lIc X - S  “lic-
cciver”  dowmollvcrtcr  was added late  ill tlm dcsig:l to ]mvid(!  all X-l)ald
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Pmh I{clay AlitcI1lla/1’rol)c~  Adalltcl 28
925

~Jsal)le I’ro]WlkUlt

AtlIlosl)hcric  Probe
339

2717
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5.9
51.3
40.6

379.8
185.9

41.5

13.0
.-

Tour  I{ I’Ill  Line Flushilkg
1.B

‘]’OUI Scicllcc ‘I\ll’lls3
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13.0
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24.6

‘rot d
1296.8 925.0

__— —

‘C,orrcsl  JoILcls to 90°4 ~)rotml)ility Cstillmtc.
2TIIC,fU[kS  19.6 111/s  of AV (10.3 kg of lmolx’lkll~t) already  CXI~CI~CICC1.
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u]dink for lladio Scicmc; it is IIOW suImIfluous without tlm II GA.  ‘J’lm l{adio
]hcqumi(:y  SUIHYStCm  (I{FS)  illtmfac.cs  witli tlic tt:l(:ll~ctry/collll~  lalI(l Mod-
lllaticjI1/I>clllocllllat)ic)ll  Sul)systclll (N41)S)  that ill turn il~tcrfaccs  wit,li tlw
C;oII]maIId  and Data Sul)systcln (H )S).  Galilc[)  is tlm first ])lalmtary sl)acc-
cmft designed w i t h  a distril)utcd  data systcl[l wlmcill lnost cllgillccrillg
sul)systfcmls and :LI1 scicllcc ilwtrulncl~ts illtcrfacx:  witli tjllc ~11 S ovm ddi-
catcd comll]and and q)ly limi a~d v i r t ua l ly  illl  llavc  IIlicqmccssors  mld
tl]cir own IIlmnc)lics.  ‘1’llc  C;I)S illtcrfacc witli tllc AAC;S is tl~c Inost, critical
md is pmfomd  clltidy ml tlw sI)ull s ide. ]h)t~l ~~])s ad AAG3  COllllllll-
Ilicatc with tllcir dc-s~)ull clclnmlts i]l(lcl)cllclt:lltly  o f  cacli  otl]cr over  tllc
SIIA,  as idicatd in the diagram. A~F;  ald l)llU(;l’~  mfm to tlm SI)U1l  ad
dc-slmt) Attitmlc C;ontml  F,lcctmIics, msl)cct,ively.  N o t e  tlmt tllc AA~S
cxclusivdy  controls tlm 1{1 ‘M lmscd  m scqmmcc  illst ruct ions  mccivd from
~I~S.  ‘1’lIc ~l)S opmatcs  tllc I)MS (I)ata Mmtlory  Sul)syst,clll);  i.e., tllc ta~)c
I’c!coMkv’,  as t,]lc m]y lmlk (900” 1111))  da t a  stm’agc  dcvicc 011 t~K! S])accclaft.
STS  mfms to the intjufam with tlm SImcc  ‘l\:tlLsl)oltatiC)ll  Systcm; i.e., the
Sl]uttk?  lauldl vdliclc.

Figure 22 is a sillll)lificd  fullction:Ll  l)]ock diagrall~  of tllc AA~S, a l s o
ol)taillcd f~olll I,adalm aIId JoIIcs  (1 983). Most, of tl]c  clclllcllts llavc  already
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F2g7Lrc  21. C)rl]itcr sit[il]lifid  I)lock diag[alll

l)ccn nlcnt iollcd.  ‘1’lic  t w o  acccl(:l(~lllc:tcrs  wmc  IISCC1 only  for 400 N cllginc
1)11111 cutoffs; they wcl’c not Ic[lulldallt, 1 )ut aw:lagcd. “J’itncd l)ackul)s  wmc
used to mit igatjc agaimt at loltlalous uIldcr/ovf!tl )UHM 11011C occumd.

W i t h  vmy  fcw cxccptiom,  all critical cllgilmcwillg  clclmntls cm the 01-
l)it,cr were ei ther  l)lock  CM futlctioldly  mdull(la~lt.  At this writing, Ilo rc-
dunda~  Icy has been invoked.

‘1’l~c  IIGA fu~lcticmality  could Ilot  l)c l)mt,c{:t,cd with lcdulldalicy. ‘1’l~c
11 G A dcploymcmt  failure lcquid a Inassivc wolkamuml to rccovcr  tile Or-
I)itcl Mission using tllc l,GA witl~ a 10,000 tit]m ( 4 0  all)) wcak[!r mccivc!d
signal at Flarth. l’l~c IIGA was to ]mwidc  data latcs u]) t o  1 3 4 , 0 0 0  I)IH.
l’llc I,GA could pmvidc at lint, o~lIy 10 I)]w f[oln  .Jul)itcr  to I’hrtli at ltlax-
imuln raugc (conjunction).  Ily iln~)lclllclltillg  ]Icw state:-c)f-tilt!-att software
mccivms under  dcvdo]mwntf  at, the t)ilm  of tlw failure, additional downlillk
cmdillg,  ad amaying t h e  7 0  111 allt(:llllas at Gol~lstol@  califoll~ia}  al~[l
~aubcma, Aus t r a l i a ,  during  v i e w i n g  ovcrla])s,  akmg with tllc 64 m Aus-
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fulldional ldocli diafy am.

l)arkcs and t w o  3 4  m alltmnas at

FzgIL7c  2?2. AACX sitn],lificd

tmlian Rad io  Astrommy  Alltcnm at
~alllmm, the D S N  w a s  al~lc to ilmcasc th(! I,GA  rate to 160 IJIH at best
conditions. oil avmagc tllcsc iltllmvclncllts yield about oIlc oxdm  of magni-
tude inm!asc  ill da t a  rate. ‘J’lic l’mjcctl ltmssivcly  rcl)rogramrncd  tlic C;DS,
l)art of tllc AA(3S,  allcl virtually all ilwtrutncllts to do cxtmwivc  ditillg and
com~wcssioli  Olll)oad to Kducc t llC 1 )it late ~c!(luird to mturll it lforl [Iat iol[
l)y allothcr odm of magnitude. ‘1’bus, the I,GA  illfomlatioll late was in-
cmasd by two odms of ltmgnitudc to cfkxiivcly onc kilol)it Im sccolld.
‘I1hC tal)c rccodcx is all csscllt,ial  clcmcllt ill this mcovmy.  All i~mging ad
otlm lli.gh-rat,c  da t a  llmst lm Iccordcd  to ta~w. ‘1’llc olmatillg Sccllalio is
illmtratccl ill Figure 23. l)urillg tllc smml-day cllcollllter ~)criod of cadl or-
l)itf, ilnagcs and otlm d a t a  arc storc!d 011 tlm tal)(! mmdm.  Tlm cmountm
])criod mlcoln])asscs  Ju])itcr lmijovc al~d tlic flyl)y of tllc taqy:tcd Galilcali
satdlitc. l)urillg tllc uuisc ]miod of t)llc orl)itj- tllc 011(! to two  molltlls l)c!-
twccll tllc Cllcoulltcr  })cxiods tllc tal)c mcodcr is illcmlnc!llt,ally  readout ill
vmy  slnall “gulI)s.” A s  tllc gull)  is Iming  mad, tllc illlagillg data am fd I)y
tho CX)S to the AAC;S  ImmssoI for ICYJ’ cmn~m:ssioll  in ‘ ( r e a l  titm” ad
t,llc COIIII)HX+SCX1  data arc mtur~lcd to (;1)S for storage ill all 80 kl)ytc I)uflcr;
tlm gulp stops wllm the lmfi’m is full. Yhlgilmtillg data and md-time (low
mtc) fields and ])a~ticlcx  data lmy also lx: flllillg  tlm buflkr.  ‘1’hc  lmff’cx  is
lining draimxl by the tdclmtry downlink. WlmH it is lIWWIY  cllll)ty,  allotllcl
gull)  is takcl~ fm~ll illc ta~)c. ‘1’lic data cquivalcllt of al)out 150  full-fralm,
full-mso]ution  illlagcs call I)C stcmd 0]1 tllc ta~w. ‘1’yl)ically  not all this ill-



fcmllatioii can be mtumd from  the ta]m lmtwum clmulltcm, so a ]Jlicwity
select ion scllclilc is used to sck?ct aml d(!sclcct  tllc data to IJC mturllcd and
comlmssioll  paramctlcrs  as WCII.  ‘J’licsc  ~wioritlics  am stored in tllc ~DS c m
a weekly lmis.

J
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FiguIc  25’. l’yl,ical  orl,it

Origillally, the single ta])c! rc!codm was iucor]matd  ir] tlm Olbitm dc-
sigll  as a I)ackul)  for tllc I’mbc rday da ta . ‘1’lIc SLOW ])ositioll  of tile Relay
Rcccivin,g  Antcma (l{I{A) was lmmiglitcd  witli tllc s~)irl axis so that,  if the
s])ill lmarillg failed tllc orl)itcr would ljc moricllt, d for day to ~)c)illt tllc
sl)il~ axis zLt tllc ]’rol)c.  ‘1’]Ius, t]lc I{I{A  would ca~)turc  t]Lc ]’Io1)c  signal, but
tllcrc could be no mal-time trallslnissioll to F;artll sillcc  tllc IIGA would bc
way of t  Fjartll-poil]t. TILc l’ml)c data ]md to h stool 011 tllc Orl)itcr until
after the relay whcu tll(! lI~~A could Im rc!-poitkcd  to Itartll.

Wl~cl~ tllc I IGA  dcl)loylllcllt,  fai led,  recoding olL tllc tal)c mcodcr  ad
subsqllcnt ])layback over  tllc I,GA  l)ccatllc tllc ~)rilllary  I)1OCIC  fcm mtutll o f
the l’mbc data. As a lmtial I)ackup  to this lICW, l)limary II1O[1C,  ~I)S w a s
lc-~)rc)glalll)llccl  to stem a majority of the l’rolm data. A lmblcm occumcd
wit]) the talw recodm jus t  two  months bcfm: .lll~)itcl  arrival (0’Neil  ct
al., 19{)6, and Jol)]wm a~ld I,cvalMs,  1997). ‘1’l)c l)ml)lcl~l w a s  a d e q u a t e l y
msolvd  to rccod all of tllc l’ml)c day data atld tllc f ields and ])articlcs
data ~mfcctly, I)ut, high-mtc  wmdillg  mquiml for itnagi~lg  was prohibitd
~)mldil~g a Iwttm ultdcmtatldillg  of t,llc I)Io1)Ic])l.  lJltimatdy, after al)out fout



months  o f  invcstigatim, mw ta]m colditiollillg Iwoccdurcs and lllajor ad-
dit,iom to [;11S softwww  to safdy opcmtc  the mcmdcr wmc  ichtifkcl. The
~l)S additions lmJalIl{!  a late augmmtat)ion to tllc Il}assive lq~mgralntnitlg
to o]matc without tllc IIGA,  which l]ad  lmm itl work  simc early 1993. All
the mw software was radioed to Gali]co ill May 1996 just ill till~c for tile
first, satellite cmcountm.  ‘1’hc (;1)S  was cmnpktdy rcloadw].

The Galileo Orl)iter did au csscmtially  lmfccl, jd) of dclivming tlm I’lolw
ancl rctuming  the ]’mbc d a t a  t o  F;arth. ‘1’llc orl)itf!x  i s  l)crfbrltlitlg its
.Jupitm Systmn Orl)ital Tour sul)crl)ly with four  of tllc tell cllcoulltms colll-
Iddd  as of this ~onfmmcc. ‘1’11[:  rccovmy of the Orbitcr Mission without ,
tllc IIGA is absolutely stunning.  With very  fcw cxce])tiolls, tlic lmforll~allcc
of every dcmmt of the Od)itcr is cxccllmlt.

Gcmmally,  Orl)iter o~mation  i s  colkrcdkxl  I)y a  “scqucllc~~’ of illst~llC-
tiom re s iden t  in the CH)S.  These  scqucmws  olmate Galikm fbr intervals
of om week to om month.  ‘1’lmy am lnqmcd ill a cmt ilmous I mccss at
JI’1,  and radicml tc) tllc s]mmuaft  as needed. l,audauc) (1997) dcscrilm tllc
])locess.
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ute o) iln~dy its clldommmlt  I)y tl]e  lJllitd States Govcrlllnellt or tllc Jet
I ‘lopulsim  IJaboratoly, ~alifornia ltwtfit  ute of ‘1 ‘ccllllology.
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